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q ' Abstract: Pandey & Dwivedi (2007) again tried to claim that the dispersion rela- 

tion for the given set of equations must be a sixth degree polynomial. Through a 
series of papers, they are unnecessarily creating confusion. In the present communi- 
cation, we have shown how Pandey & Dwivedi (2007) are introducing an additional 
root, which is insignificant. Moreover, five roots of both the polynomials are common 



and they are sufficient for the discussion of propagation of slow-mode and fast-mode 
waves. 
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£j ■ 1 Introduction 

For application of magnetohydrodynamics (MHD) in solar physics as well as in 
plasma physics, dispersion relation plays key role. The basic equations under the 
t> ' present investigation can be expressed as (Pandey & Dwivedi, 2007, hereinafter 

referred to as PD) 

o ' 

^ + V. (pv) = (1) 
p^ = -Vp+^-(\7xB)xB-V.U (2) 

o ■ 

| = Vx(«x B ) (3) 

^ + 7p(V. V) = ( 7 - 1) [V. KVT + Qvis ~ Qrad] (4) 

2pk B T 

P = (5) 

m p 

Here, symbols have their usual meaning. The quantities Qthi Qvis and Qrad are 

® th = K \\(~d~) Q«s = y(V. V) 2 Qrad = n e n H Q(T) 

where fey represents the conductivity along the magnetic field and is expressed by 
K|| ~ 10 _6 T 5 / 2 . For small perturbations from the equilibrium, we have 

9 = Po + Pi v = v x B=Bo + Bi 

p = po + pi t = t + t 1 n = n + n 1 



where the equilibrium part is denoted by the subscript '0' and the perturbation part 
by the subscript '1'. For the magnetic field taken along the z-axis, (i.e., Bo= Bqz) 



and the propagation vector k = k x x + k z z, the equations (1) - (5) can be linearized 
in the following form (Chandra and Kumthekar, 2007): 

^l + Po (V.v 1 )=0 (6) 

Po-^r = -Vpi + — (Vx5ijxBo-V.no (7) 
at 47T 

-^l = Vx(v 1 x B ) (8) 
^ + 7Po(V. 7 1 ) + ( 7 -1)k||^T 1 =0 (9) 

^ = ^ + £ (10) 
Po Po ?o 

For the perturbations that are proportional to exp[i( k ■ r —ut)], equations (6) - (10) 
reduce to the following equations: 



wpi - Po(k x v lx + k z vi z ) = (11) 
— {k x B lz - k z B lx ) + — 

47T 3 



wpof^ - fc^pi - -j^(k x B lz - k z B lx ) + l ^-{k 2 x vi x - 2k x k z vi z ) = (12) 



upov ly + —(k z B ly ) = (13) 

^Po^iz - k z pi + ^(4fc^ l2 - 2k x k z v lx ) = (14) 

W-Bia, + k z B v lx = (15) 

toB ly + k z B vi y = (16) 

wBk - k x B vi x = (17) 

iwpi - ipoc 2 s (k x v lx + A; z t>i z ) - (7 - l)/C||^Ti = (18) 

^1-^-^ = (19) 
Po Po T v ' 

These equations (11) - (19) are the same as the equations (11) - (19) of PD. (In 
equation (11) of PD, p must be p\.) Equations (13) and (16) for the variables v\ y 
and B\ y are decoupled from the rest and describe the Alfven waves. The rest of the 
equations for p±, p±, T±, B± x , B± z , v\ x and v\ z describe damped magnetohydrostatic 
waves. Now, on substituting B\ x and B\ z from equations (15) and (17) in equations 
(12) and (14), respectively, we get 

f 2 , iurjo 2 2 2 \ 2iur) k x k z 

[u Po + —%- k x ~ v A Pok )vi x v lz - k x ujpi = (20) 

and 

2iriok x k z / 4i%, 2 \ , , n 

v lx - [upo + —^-k z Jv lz + k z pi = (21) 

When we eliminate p\ and T\ from equations (11), (18) and (19), we get 

(cop k x - ipoc 2 s k x u)vi x + (c p k z - i P QC 2 s k z u)vi z - (cquj - iiv 2 )pi = (22) 



where Co = (7 — l)/eii k 2 To/po; c 2 = 7Po/po; and v\ = B 2 /A-Kpo. Thus, the equations 
(20), (21) and (22) are obtained from the equations which are the same as of PD. 



2 Dispersion relation 

For convenience, let us express equations (20) - (22) as 



auvix + a 12 v lz + oi 3 pi = (23) 
^l^la: + a 22 V lz + a 23 pi = (24) 
a 3 iv lx + a 32 v lz + a 33 pi = (25) 



where the coefficients a's are: 

/ 2 . «"%,2 2 ,2\ 

an = [oj pQ -\ — k x - v A p k J; a 12 = - — k x k z ; a 13 = -k x uj 

2^o, , 4ir/ 2 , 

a2i = -g-fexKzl a22 = -wp ^-k 2 ; a 23 = k z 

«3i = c po^r - ipoc 2 k x uj; a 32 = copo&z - ipoc 2 s k z uj; a 33 = iw 2 - c w 
For a non-trivial solution of the set of equations (23), (24) and (25), we must have 



an ai2 ai 3 

«21 022 «2 3 
G 3 1 « 3 2 « 33 







Expansion of this determinant and substitution of the values of a's gives the fifth 
degree polynomial: 

w 5 + iAco 4 - Buj 3 - iCuo 2 + Dto + iE = (26) 

where 

A = co + ^(k 2 x + 4k 2 z ) 

B = f^(k 2 x + 4k 2 ) + (c 2 + v 2 A )k 2 

C = ^c 2 s k 2 x k 2 + + vfok 2 + ^Ml. 

Po Po 3p 

3c p %fc 2 A: 2 Arj c v A k^k 2 



D = ^ + - , + ^2^2 



E = v A c p k 2 k 2 1 po 

It obviously shows that the dispersion relation is a fifth degree polynomial. Now, 
question arises how PD are getting the sixth degree polynomial. It can be understood 
in the following manner. 

3 How PD is getting sixth degree polynomial 

The dispersion relation of PD can be derived in the following manner: On eliminating 
Pi from equations (23) and (25), we get 

(aua 33 - a 31 a 13 )v lx + (a 12 a 33 - a 32 a 13 )v lz = (27) 

On eliminating pi from equations (24) and (25), we get 

(fl2ia 33 - a 3 ia 23 )v lx + (a 22 a 33 - a 32 a 23 )vi z = (28) 



From equations (27) and (28), we have 



(aua 33 - a 3 ia 13 )(a 22 a 33 ~ a 32 a 23 ) = (a 2 ia 33 - a 31 a 23 )(ai 2 a 33 - a 32 ai 3 ) (29) 
Substitution of the values of a's in equation (29), gives the dispersion relation 

lo 6 + iA'uj 5 - B'uj a - iC'cu 3 + D'lo 2 + iE'oj - F' = (30) 

where 

A' = 2c + ci; B' = (c 2 + v\)k 2 + c (2ci + c ); 



C' = c 2 + c {k 2 (c 2 + 2v\ + ^) + cod) 

Po 



D' = c 2 cq + c (c 3 + c c 4 ); 



E' = c |c c 5 + c 6 (c 2 s + — ) 
1 Po 

and 

ci = + 4^)/3/9 ; 



F' = CqC 6 po/po 



c 2 = 770^(4^^ + 9^^)73/90 



c 3 = - — (8u A A; +9(c s + — 1^1 c 4 = ( Wa + — jfc 

%^/. 2,2 . 9goM \ 2,2,2 

3po v Po 7 

This is the dispersion relation derived by PD. Now, here we can show that DP has 
introduced an addition root in this dispersion relation. 



4 Discussion 

It can be easily found that 

to 6 + iA'uj 5 - B'co 4 - iC'co 3 + D'lj 2 + iE'uj — F' = (lo + icq) x 

(lo 5 + iAuj 4 - Blo 3 - iCu 2 + Duj + iE) 

showing that five roots of both equations (26) and (30) are common. The additional 
root uj = — ico is introduced by PD. The five common roots, are of the form ia\, 
—f5 2 + ia 2 , (3 2 + ia 2 , —f5 3 + ia 3 and (5 3 + ia 3 . The first root corresponds to the 
thermal motion whereas the rest four give the slow- mode and fast-mode waves. The 
sixth root —icq also corresponds to the thermal motion. This has no significance, 
as we are interested only in the slow-mode and fast-mode waves. It is difficult to 
understand how science is affected when one considers the sixth degree polynomial 
derived by PD. 

It can finally be concluded that the dispersion relation is of fifth degree polyno- 
mial. PD got the sixth degree polynomial, as they have introduced an additional 
root. Moreover, only five roots are sufficient for propagation of slow-mode and 
fast-mode waves. 
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